The development and use of new antifriction materials for friction units is an urgent problem in improving the quality and reliability of the units and lowering the costs involved in their repair. Experience gained indicates that the use of antifriction materials based on plastics makes it possible in many cases to increase the service lives of machinery and mechanisms and, consequently, to increase the times between repair and lower the costs of repair work.
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The development and use of new antifriction materials for friction units is an urgent problem in improving the quality and reliability of the units and lowering the costs involved in their repair. Experience gained indicates that the use of antifriction materials based on plastics makes it possible in many cases to increase the service lives of machinery and mechanisms and, consequently, to increase the times between repair and lower the costs of repair work.
Fluoropolymers are promising plastics for operation in the friction units of machinery subjected to elevated and low temperatures, under friction without lubrication or with limited lubrication. This is promoted by their high antifriction properties combined with corrosion resistance and sufficient strength and heat resistance, which are retained in a fairly broad temperature range.
Of the several fluoroplastic grades produced by industry, polytetrafluoroethylene (PTFE) is now most widely used as the constructional material for parts working under friction. However, as shown by practice and the conducted investigations of friction units, the use of fluoroplastics in pure form is inexpedient on account of their inadequate wear resistance and low thermal conductivity, cold flow, etc. The introduction into fluoroplastics of fillers in powder form improves their properties considerably and broadens the scope for their use in friction units.
NIIPM, together with VNIIZhT MPS, has carried out work on developing a Russian analogue of a PTFE-based antifriction composite material for sliding supports that is produced in Germany, with the organisation of the production of such guide shoes.
To increase the bearing capacity of PTFE and its thermal conductivity, effective additives were selected with account taken of the operating conditions of the unit and the specifications laid down for the guide shoe material.
The fillers used were antifriction powder additives: graphite (colloidal Gc, scaly Gs, metallurgical Gm of grade GPS), sital (S), nickel (N), molybdenum disulphide (MoS 2 ), and aluminosilicate (A).
In view of the low cohesive strength of the material, antifriction fillers can be used in the highly dispersed state and in minimum quantities sufficient for the formation of a stable film under friction.
The content of fillers was varied from 15 to 20 wt.%, with ratios of the components of 1:1, 2:1, 9:1, and 15:1.
In the development of the composites, use was made of PTFE powder with a degree of dispersion of 0.65 mm and powder fillers with a particle size of 5-10 µm.
A composite based on a copolymer of formaldehyde SFD with a modifying addition of PTFE (20%) was developed as alternative material.
High molecular weight polyethylene (HMWPE) was chosen as another alternative material, taking into account experience of its use in the friction units of the side supports of rolling stock at speeds of up to 200 km/h. The physicomechanical properties of the materials were determined on standard specimens in accordance with the GOST standards for the appropriate tests.
The test results of the trial composites in comparison with the foreign analogue are given in Table 1 .
From the test results it was established that the developed composites of PTFE-based material with graphite and aluminosilicate have strength characteristics on a par with those of the foreign analogue.
Composites based on PTFE and graphite GPS and containing additions of aluminosilicate, molybdenum T/55 disulphide, and nickel (composites 8, 9, 10, and 12) are characterised by increased physicomechanical properties.
For these materials, the compression stress under a relative strain of 25% is equal to 336-422 kgf/cm 2 (for the foreign analogue, 319 kgf/cm 2 ), and under a 10% strain to 203-283 kgf/cm 2 (for the foreign analogue, 110 kgf/cm 2 ).
Under a stress of 180 kg, the strain for these materials amounted to 6-12% and did not exceed the strain of the foreign analogue.
It must be pointed out that none of the PTFE-based specimens breaks down during compression testing, but they are deformed. SFD/F, an alternative to fluoroplastic composites and based on a copolymer of formaldehyde, is a strong rigid system prone to brittle failure.
The developed Russian materials based on PTFE have a level of properties that is compatible with the alternative composite based on HMWPE.
The tribotechnical characteristics of the materials were assessed on friction machinery.
Of the materials based on PTFE, composites possessing high strength characteristics were tested.
The wear resistance of the materials was assessed in abrasive wear and friction wear tests against steel.
Abrasive wear tests were conducted to GOST 11213 on a Schopper machine under a load of 2.6 kgf/cm 2 and a speed of 0.3 m/s. The abrasive was emery paper 414A16IM.
Friction wear tests against steel were carried out on a modernised MI-1M machine with reciprocal motion of the specimen over a steel counterface (R z 20, C f 45) without a lubricant at a speed of 0.002 m/s and under a load of 125 kgf/cm 2 .
A comparative estimate of the coefficient of friction µ of the materials was carried out on an MI-2 machine in accordance with GOST 11629. In determining the coefficient of friction, the pair of specimens tested slid over the steel counterface rotating in the vertical plane at a speed of 40 ± 5 r/min. The specimens moved over the plane of the counterface with a peripheral velocity of 0.3 m/s and a load of 2.94 ± 0.3 MPa.
The data of comparative tests of specimens are presented in Table 2 .
The results of investigations showed that the composite PTFE-based antifriction materials developed, irrespective of the modification of their composition, have an abrasive wear 10-20% higher than for the imported specimen.
During friction against steel with high loads (125 kgf/ cm 2 ), for all the fluoroplastic composites, including the imported material, "cold" flow is observed with increase in the contact area. The lowest strain is observed in For materials SFD/F and HMWPE, no strain under load was recorded during friction against steel.
As shown by comparative laboratory tests, the friction coefficient of PTFE-based materials containing graphite Gc GPS and aluminosilicate is comparable with that of the foreign analogue and amounts to 0.195-0.198. The greatest friction coefficient was recorded for composite FGmN containing nickel, and the lowest for composite FGmN containing MoS 2 and aluminosilicate. The friction coefficients of the alternative materials HMWPE and SDF/F are 10 and 50% greater than the µ values of the respective Russian analogues.
After the comparative laboratory tests examined above, testing of materials on an MTVP test bench was carried out under conditions characteristic of the operation of side supports.
On the basis of the specifications laid down for guide shoe materials for the side supports of GP-200 trucks of 1465 mm gauge, the polymeric material must withstand static loads up to 100 kgf/cm 2 with two-way friction against steel without lubricant at speeds of up to 0.1 m/s, amplitudes of 13-105 mm, and a frequency of 1.5-2 Hz.
With account taken of the above requirements, in MTVP bench tests, reciprocal sliding of polished steel St45 was realised. The average sliding velocity was 0.05 m/s, the load on the specimen was 100 MPa, and the amplitude Data of comparative tests of specimens are presented in Table 3 .
According to the results of bench tests, under a service load of 100 kgf/cm 2 and the maximum number of cycles, the friction coefficients of the foreign analogue and the developed materials based on PTFE are comparable.
The greatest friction coefficient was recorded for alternative composite SDF/F based on formaldehyde and fluoroplastic.
According to the conducted physicomechanical and tribotechnical investigations, the composite FGmA containing finely dispersed graphite of grade GPS and aluminosilicate was selected as the Russian analogue of the foreign material.
A composite material of the above composition is prepared by dry mixing at ambient temperature in a ball mill. Further pelletisation of the material is carried out at a specific pressure of 350 kgf/cm 2 . Heat treatment of the feedstock is carried out at a temperature of 390 ± 10°C.
Trial service checking of guide shoe inserts of the developed composite gave positive results.
A batch of guide shoes for GP-200 trucks has been manufactured from the developed composite material for use in the repair of railway cars. 
